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(57) ABSTRACT

A straddle-type vehicle includes an input shaft connected to a
rear drive shaft and extending in a front-rear direction of the
vehicle, an output shaft connected to an axle and configured
to rotate by receiving a driving force from the input shaft, a
brake operator on which an operation is performed to brake
the input shaft, a plate group disposed between a wall portion
of a housing and a cam member, a cam plate disposed
between the cam member and the plate group, an operation
shaft extending in a direction perpendicular or substantially
perpendicular to an axial direction of the input shaft, a first
engagement protrusion protruding from the cam plate, a sec-
ond engagement protrusion protruding from the operation
shaft and engaging with the first engagement protrusion, a
lever rotatable together with the operation shaft, and an opera-
tion cable connected to the brake operator and the lever.

12 Claims, 12 Drawing Sheets
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1
STRADDLE-TYPE VEHICLE

This application claims priority to Patent Application No.
2014-4779 filed in Japan on Jan. 15, 2014, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to straddle-type vehicles.

2. Description of the Related Art

Straddle-type vehicles are conventionally known.
Straddle-type vehicles are vehicles that riders straddle when
getting on the vehicles. Japanese Patent No. 3011718 dis-
closes a straddle-type vehicle in which a brake is provided
inside a power transmission path between a power unit and a
wheel.

The straddle-type vehicle disclosed in Japanese Patent No.
3011718 includes a drive shaft that extends in a vehicle front-
rear direction and a transmission shaft that is connected to the
drive shaft, disposed inside a brake case, and extends in the
vehicle front-rear direction. The brake includes a plurality of
rotation brake plates that rotate together with the transmission
shaft, a plurality of fixed brake plates disposed so that the
rotation brake plates and the fixed brake plates are located in
an alternating manner, an annular pressure cam disposed
between a partition wall at a front side of the brake case and
the foremost fixed brake plate, and a steel ball disposed
between the partition wall at the front side of the brake case
and an inclined cam groove of the pressure cam. A left end
portion of the pressure cam is provided with an engagement
protrusion that protrudes leftward. The brake further includes
a brake rotation shaft that extends in the vehicle front-rear
direction at a position leftward of the transmission shaft. The
brake rotation shaft passes through the brake case. An inner
lever that engages with the engagement protrusion of the
pressure cam is provided at a portion of the brake rotation
shaft which is located inside the brake case. An outer lever is
fixed to a portion of the brake rotation shaft which is located
outside the brake case. The outer lever is connected with an
operation cable connected to a brake lever and an operation
cable connected to a brake pedal.

When the brake lever or the brake pedal is operated by a
rider, the operation cable is pulled to cause the brake rotation
shaft to rotate. Upon rotation of the brake rotation shaft, the
inner lever presses the engagement protrusion of the pressure
cam, thus rotating the pressure cam. Then, the steel ball is
displaced from the inclined cam groove, and the pressure cam
is pushed rearward by the steel ball. Thus, the rotation brake
plates and the fixed brake plates are pressed against each other
by the pressure cam. As a result, the transmission shaft is
braked.

SUMMARY OF THE INVENTION

In the above-described straddle-type vehicle, the operation
cables extend rightward from the outer lever. The brake lever
and the brake pedal are disposed forward of the outer lever.
Therefore, in order to connect the operation cables to the
brake lever and the brake pedal, the operation cables extend-
ing rightward from the outer lever have to be bent forward by
90 degrees. However, when the operation cables are bent by
90 degrees, power transmission losses in the operation cables
are considerable. Furthermore, an amount of rotation of the
brake rotation shaft decreases with respect to an amount of
operation performed on the brake lever or the brake pedal.
Consequently, the above-described straddle-type vehicle is
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disadvantageous in that an operation performed on the brake
lever or the brake pedal cannot be efficiently transmitted to
the brake (more specifically, the brake plates).

Accordingly, preferred embodiments of the present inven-
tion provide a straddle-type vehicle that includes a plurality of
brake plates arranged in a front-rear direction and efficiently
transmits an operation performed on a brake operator to the
brake plates.

A straddle-type vehicle according to a preferred embodi-
ment of the present invention includes a power unit; a drive
shaft connected to the power unit and extending in a front-rear
direction of the vehicle, the drive shaft being configured to
rotate by receiving a driving force from the power unit; an
input shaft connected to the drive shaft and extending in the
vehicle front-rear direction; a housing including a wall por-
tion facing rearward or frontward and in which at least a
portion of the input shaft is housed; an output shaft connected
to an axle and extending in a right-left direction of the vehicle,
the output shaft being configured to rotate by receiving a
driving force from the input shaft; a brake operator configured
to have an operation performed thereon to brake the input
shaft; a cam member disposed inside the housing and spaced
away from the wall portion of the housing in the vehicle
front-rear direction; a plate group disposed between the wall
portion of the housing and the cam member, the plate group
including annular rotation plates attached to the input shaft so
as to berotated together with the input shaft, and annular fixed
plates each disposed between an adjacent one of the rotation
plates and the cam member and/or between an adjacent one of
the rotation plates and the wall portion of the housing; and an
annular cam plate disposed between the cam member and the
plate group. The cam member and/or the cam plate are/is
provided with a cam groove including an inclined surface.
The straddle-type vehicle further includes a cam ball located
between the cam member and the cam plate and disposed
inside the cam groove; a rotatable operation shaft passing
through the housing and extending in a direction perpendicu-
lar or substantially perpendicular to an axial direction of the
input shaft, the operation shaft including an inner portion
located inside the housing and an outer portion located out-
side the housing; a first engagement protrusion disposed
inside the housing and protruding outward from the cam plate
in a radial direction of the cam plate; a second engagement
protrusion protruding outward from the inner portion of the
operation shaft in a radial direction of the operation shaft, and
engaging with the first engagement protrusion; a lever
attached to the outer portion of the operation shaft and rotat-
able together with the operation shaft; and an operation cable
connected to the brake operator and the lever.

In the straddle-type vehicle according to a preferred
embodiment of the present invention, the operation shaft
extends in the direction perpendicular or substantially per-
pendicular to the axial direction of the input shaft which
extends in the vehicle front-rear direction. Therefore, the
lever attached to the outer portion of the operation shaft
rotates around an axis perpendicular or substantially perpen-
dicular to the axial direction of the input shaft. Thus, the
operation cable connected to the brake operator and to the
lever extends from the lever in a direction parallel or substan-
tially parallel to the axial direction of the input shaft. In other
words, the operation cable extends from the lever in the
vehicle front-rear direction. Hence, the operation cable does
not have to be bent by 90 degrees when the brake operator and
the lever are connected to each other through the operation
cable. As a result, a power transmission loss in the operation
cable is significantly reduced or prevented, thus efficiently
transmitting an operation performed on the brake operator.
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According to another preferred embodiment of the present
invention, the brake operator is preferably disposed frontward
relative to the housing, and the operation cable preferably
extends frontward from the lever.

According to the above-described preferred embodiment,
the operation cable does not have to be bent by 90 degrees
when the brake operator and the lever are connected to each
other through the operation cable. As a result, a power trans-
mission loss in the operation cable is significantly reduced or
prevented, thus efficiently transmitting an operation per-
formed on the brake operator.

According to still another preferred embodiment of the
present invention, the first engagement protrusion preferably
includes a first contact portion configured to come into con-
tact with the second engagement protrusion. The second
engagement protrusion preferably includes a second contact
portion configured to come into contact with the first contact
portion of the first engagement protrusion. An outline of a
cross-section of at least either the first contact portion or the
second contact portion which is parallel or substantially par-
allel to an axial direction of the operation shaft is preferably in
the shape of a segment of a circle. An outline of a cross-
section of at least either the first contact portion or the second
contact portion which is perpendicular or substantially per-
pendicular to the axial direction of the operation shaft is
preferably in the shape of a segment of a circle.

According to the above-described preferred embodiment,
when the operation shaft is rotated by operating the brake
operator, the first and second engagement protrusions are
brought into contact with each other more reliably. As aresult,
an operation performed on the brake operator is reliably trans-
mitted to the plate group. Furthermore, wearing away of the
first and second engagement protrusions which is caused by
contact therebetween is reduced.

According to yet another preferred embodiment of the
present invention, the first engagement protrusion preferably
includes a first contact portion configured to come into con-
tact with the second engagement protrusion. The second
engagement protrusion preferably includes a second contact
portion configured to come into contact with the first contact
portion of the first engagement protrusion. An outline of a
cross-section of the first contact portion which is parallel or
substantially parallel to an axial direction of the operation
shaft preferably has a linear shape, and an outline of a cross-
section of the first contact portion which is perpendicular or
substantially perpendicular to the axial direction of the opera-
tion shaft preferably has a linear shape. An outline of a cross-
section of the second contact portion which is parallel or
substantially parallel to the axial direction of the operation
shaft is preferably in the shape of a segment of a circle, and an
outline of a cross-section of the second contact portion which
is perpendicular or substantially perpendicular to the axial
direction of the operation shaft is preferably in the shape of a
segment of a circle.

According to the above-described preferred embodiment,
when the operation shaft is rotated by operating the brake
operator, the first and second engagement protrusions are
brought into contact with each other more reliably. As aresult,
an operation performed on the brake operator is reliably trans-
mitted to the plate group. Furthermore, wearing away of the
first and second engagement protrusions which is caused by
contact therebetween is reduced.

According to still yet another preferred embodiment of the
present invention, the lever is preferably disposed rightward
relative to a left end of the housing and leftward relative to a
right end of the housing.
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According to the above-described preferred embodiment,
the lever does not protrude outward of the housing in a vehicle
width direction. As a result, compactness of the housing, in
which the lever is included, in the vehicle width direction is
ensured.

According to another preferred embodiment of the present
invention, the housing preferably includes a housing main
body supporting the input shaft; and a housing cover attached
to the housing main body. The operation shaft is preferably
rotatably supported by the housing main body and the hous-
ing cover.

In the above-described preferred embodiment, end por-
tions of the operation shaft are supported by the housing main
body and the housing cover. As a result, the operation shaft is
reliably supported, thus efficiently transmitting an operation
performed on the brake operator to the plate group.

According to still another preferred embodiment of the
present invention, the cam plate is preferably disposed rear-
ward relative to the plate group.

When the cam plate is disposed frontward relative to the
plate group, a structure configured to support the operation
shaft is provided so that one of the end portions of the opera-
tion shaft is supported. In such a case, if an attempt is made to
support both of the end portions of the operation shaft, an
additional component is necessary, thus complicating the
structure that supports the operation shaft. However, when the
cam plate is disposed rearward relative to the plate group as in
the above-described preferred embodiment, no additional
component is necessary, and therefore, the end portions of the
operation shaft are supported with a simple structure.

According to yet another preferred embodiment of the
present invention, the second engagement protrusion prefer-
ably protrudes frontward from the operation shaft.

According to the above-described preferred embodiment,
the first and second engagement protrusions are disposed
close to the plate group. Therefore, oil scattered from the plate
group is easily supplied to the first and second engagement
protrusions. As a result, the first and second engagement
protrusions are lubricated.

According to still yet another preferred embodiment of the
present invention, the straddle-type vehicle preferably further
includes a first bearing rotatably supporting the input shaft,
and a second bearing disposed behind the first bearing and
rotatably supporting the input shaft. A front end of the second
engagement protrusion is preferably located frontward rela-
tive to a rear end of the first bearing. A rear end of the
operation shaft is preferably located rearward relative to a
front end of the second bearing.

According to the above-described preferred embodiment,
the operation shaft and the second engagement protrusion are
disposed in a space located laterally of the first and second
bearings. As a result, the space inside the housing is effec-
tively utilized, so that the operation shaft and the second
engagement protrusion are compactly arranged.

According to another preferred embodiment of the present
invention, when either one of a right end and a left end of the
housing is defined as a first end and the other one of the right
end and the left end of the housing is defined as a second end,
a laterally intermediate portion of the output shaft is prefer-
ably located closer to the first end than a shaft center of the
input shaft, and the operation shaft is preferably located
closer to the first end than the shaft center of the input shaft.

According to the above-described preferred embodiment, a
size of the housing in the vehicle width direction is smaller
than when the operation shaft is disposed closer to the second
end than the shaft center of the input shaft.
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According to still another preferred embodiment of the
present invention, the straddle-type vehicle preferably further
includes an intermediate shaft disposed rearward relative to
the input shaft and frontward relative to the output shaft, the
intermediate shaft extending in the vehicle right-left direction
and connected to the input shaft and to the output shaft. A left
end of the operation shaft is preferably located leftward rela-
tive to a right end of the intermediate shaft and leftward
relative to a right end of the output shaft. A right end of the
operation shaft is preferably located rightward relative to a
left end of the intermediate shaft and rightward relative to a
left end of the output shaft.

According to the above-described preferred embodiment,
the operation shaft, the output shaft, and the intermediate
shaft are disposed so as to overlap with each other along the
vehicle right-left direction. As a result, the size of the housing
in the vehicle width direction is smaller than when the opera-
tion shaft, the output shaft, and the intermediate shaft are
disposed at positions deviated from each other in the vehicle
right-left direction.

According to yet another preferred embodiment of the
present invention, the left end of the intermediate shaft is
preferably located rightward relative to the left end of the
operation shaft, and the right end of the intermediate shaft is
preferably located leftward relative to the shaft center of the
input shaft.

According to the above-described preferred embodiment,
the intermediate shaft is compactly arranged inside the hous-
ing in the vehicle width direction. As a result, compactness of
the housing, in which the intermediate shaft is included, in the
vehicle width direction is ensured.

Various preferred embodiments of the present invention
provide a straddle-type vehicle that includes a plurality of
brake plates arranged in a front-rear direction and efficiently
transmits an operation performed on a brake operator to the
brake plates.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is aleft side view illustrating a straddle-type vehicle
according to a preferred embodiment of the present invention.

FIG. 2 is a plan view illustrating the straddle-type vehicle
according to a preferred embodiment of the present invention.

FIG. 3 is a perspective view illustrating an axle driving
apparatus according to a preferred embodiment of the present
invention.

FIG. 4 is a cross-sectional view illustrating the axle driving
apparatus according to a preferred embodiment of the present
invention.

FIG. 5 is an enlarged cross-sectional view partially illus-
trating the axle driving apparatus according to a preferred
embodiment of the present invention.

FIG. 6 is a front view illustrating a cam plate according to
a preferred embodiment of the present invention.

FIG. 7 is across-sectional view taken along the line VII-VII
of FIG. 6.

FIG. 8 A is a cross-sectional view illustrating a first engage-
ment protrusion, taken along the line A1-Al of FIG. 5.

FIG. 8B is a cross-sectional view illustrating the first
engagement protrusion, taken along the line A2-A2 of FIG. 5.
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FIG. 9A is a cross-sectional view that illustrates a first
engagement protrusion according to a variation of a preferred
embodiment of the present invention and is equivalent to FIG.
8A.

FIG. 9B is a cross-sectional view that illustrates the first
engagement protrusion according to the variation of a pre-
ferred embodiment of the present invention and is equivalent
to FIG. 8B.

FIG. 10 is a side view illustrating a structure around an
operation shaft according to a preferred embodiment of the
present invention.

FIG. 11 is a perspective view illustrating the structure
around the operation shaft according to a preferred embodi-
ment of the present invention.

FIG. 12A is a cross-sectional view illustrating a second
engagement protrusion, taken along the line A1-A1 of FIG. 5.

FIG. 12B is a cross-sectional view illustrating the second
engagement protrusion, taken along the line A2-A2 of FIG. 5.

FIG. 13A is a cross-sectional view that illustrates a second
engagement protrusion according to a variation of a preferred
embodiment of the present invention and is equivalent to FIG.
12A.

FIG. 13B is a cross-sectional view that illustrates the sec-
ond engagement protrusion according to the variation of a
preferred embodiment of the present invention and is equiva-
lent to FIG. 12B.

FIG. 14 is a left side view illustrating the axle driving
apparatus according to a preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described. As illustrated in FIG. 1, a preferred
embodiment of the present invention is a straddle-type
vehicle 1. The straddle-type vehicle may be a motor tricycle
or a four-wheeled buggy, for example.

In the following description, unless otherwise noted, the
terms “front”, “rear”, “right”, “left”, “up” and “down” refer to
front, rear, right, left, up and down with respect to a rider
sitting on a seat 5 of the straddle-type vehicle 1, respectively.
“Up” and “down” correspond to a vertically upward direction
and a vertically downward direction when the straddle-type
vehicle 1 is brought to a stop on a horizontal plane, respec-
tively. Reference signs “F”, “Re”, “R”, “L”, “Up” and “Dn” in
the drawings represent front, rear, right, left, up and down,
respectively.

As illustrated in FIG. 1, the straddle-type vehicle 1 prefer-
ably includes a body frame 10 that extends in a front-rear
direction of the vehicle. The body frame 10 preferably
includes an upper main frame 12 that extends in the vehicle
front-rear direction; a lower main frame 14 that extends in the
vehicle front-rear direction; a front down frame 16 that
extends downward from a front portion of the upper main
frame 12; and a rear down frame 18 that extends downward
from a rear portion of the upper main frame 12. The lower
main frame 14 is located below the upper main frame 12. The
front portion of the upper main frame 12 and a front portion of
the lower main frame 14 are connected to each other through
the front down frame 16. The rear portion of the upper main
frame 12 and a rear portion of the lower main frame 14 are
connected to each other through the rear down frame 18.

A steering shaft 9 is attached to the body frame 10. A
handlebar 7 is fixed to an upper portion of the steering shaft 9.
A lower portion of the steering shaft 9 is connected to a front
wheel suspension system 28. As illustrated in FIG. 2, right
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and left front wheels 20 are fixed to the front wheel suspen-
sion system 28. The front wheel suspension system 28 is
preferably a double wishbone type suspension, for example.
The right and left front wheels 20 are steered by the handlebar
7.

As illustrated in FIG. 1, a fuel tank 8 is disposed behind the
steering shaft 9. The seat 5 on which a rider sits is disposed
behind the fuel tank 8. The seat 5 is supported by the upper
main frame 12. The seat 5 is disposed on or above the upper
main frame 12. A power unit 30 is disposed below the fuel
tank 8. The power unit 30 preferably includes an internal
combustion engine, a clutch, and a transmission which are not
illustrated. The power unit 30 is disposed below the upper
main frame 12. The power unit 30 is disposed on or above the
lower main frame 14. A front drive shaft 31 is disposed in
front of the power unit 30. The front drive shaft 31 rotates by
receiving a driving force from the power unit 30. The front
drive shaft 31 extends in the vehicle front-rear direction. The
front drive shaft 31 is connected to the front wheel suspension
system 28. A rear drive shaft 32 is disposed behind the power
unit 30. The rear drive shaft 32 rotates by receiving a driving
force from the power unit 30. The rear drive shaft 32 extends
in the vehicle front-rear direction. The rear drive shaft 32 is
connected to an input shaft 42 (see FIG. 4) which will be
described below.

The straddle-type vehicle 1 preferably includes an axle
driving apparatus 40. The axle driving apparatus 40 is dis-
posed behind the rear drive shaft 32. As illustrated in FIG. 3,
an axle 22 is rotatably supported at a rear end portion of the
axle driving apparatus 40. The axle 22 extends in a right-left
direction of the vehicle. As illustrated in FIG. 2, right and left
rear wheels 24 are supported at ends of the axle 22.

As illustrated in FIG. 4, the axle driving apparatus 40
preferably includes the input shaft 42, an intermediate shaft
44, an output shaft 46, and a housing 50. The housing 50
preferably includes a housing main body 52, a first housing
cover 54, and a second housing cover 56. The first housing
cover 54 is attached to a front portion of the housing main
body 52. The second housing cover 56 is attached to a lateral
portion of the housing main body 52. The second housing
cover 56 is disposed leftward of the housing main body 52.
The first housing cover 54 preferably includes a wall portion
54A facing rearward.

The input shaft 42 is connected to the rear drive shaft 32.
The input shaft 42 rotates by receiving a driving force from
the rear drive shaft 32. The input shaft 42 extends in the
vehicle front-rear direction. The input shaft 42 is located
behind the rear drive shaft 32. The input shaft 42 is housed
inside the housing 50. The input shaft 42 is rotatably sup-
ported by the housing main body 52. At least a portion of the
input shaft 42 may be disposed outside the housing 50. A
bevel gear 42A is provided at a rear portion of the input shaft
42.

The intermediate shaft 44 extends in the vehicle right-left
direction. The intermediate shaft 44 is disposed behind the
input shaft 42. The intermediate shaft 44 is housed inside the
housing 50. A left end 44L of the intermediate shaft 44 is
located rightward relative to a left end 90L of an operation
shaft 90 which will be described below. A right end 44R of the
intermediate shaft 44 is located leftward relative to a shaft
center H1 of the input shaft 42. The intermediate shaft 44 is
provided with a bevel gear 44A. The bevel gear 44 A inter-
meshes with the bevel gear 42A of the input shaft 42. There-
fore, the input shaft 42 is connected to the intermediate shaft
44 viathe bevel gears 42A and 44 A. The intermediate shaft 44
rotates by receiving a driving force from the input shaft 42.
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The intermediate shaft 44 is further provided with a gear 44B.
The gear 44B is located leftward of the bevel gear 44A.

The output shaft 46 extends in the vehicle right-left direc-
tion. The output shaft 46 is disposed behind the intermediate
shaft 44. The output shaft 46 is housed inside the housing 50.
A laterally intermediate portion 46C of the output shaft 46 is
located leftward relative to the shaft center H1 of the input
shaft 42. A right end 46R of the output shaft 46 is located
leftward relative to the right end 44R of the intermediate shaft
44. A left end 46L. of the output shaft 46 is located leftward
relative to the left end 44L of the intermediate shaft 44. The
output shaft 46 is provided with a gear 46B. The gear 46B
intermeshes with the gear 44B of the intermediate shaft 44.
Therefore, the output shaft 46 is connected to the intermediate
shaft 44 via the gears 44B and 46B. The output shaft 46
rotates by receiving a driving force from the intermediate
shaft 44. In other words, the output shaft 46 rotates by receiv-
ing a driving force from the input shaft 42. The axle 22 is
inserted through the output shaft 46. The output shaft 46 and
the axle 22 are fixed to each other so as to be rotated together.
In other words, the axle 22 rotates by receiving a driving force
from the rear drive shaft 32. The output shaft 46 and the axle
22 are preferably molded in one piece. In the present pre-
ferred embodiment, the output shaft 46 is connected to the
input shaft 42 via the intermediate shaft 44, and therefore, the
gears 42A, 44A, 44B and 46B are reduced in gear diameter
even when a large speed reduction ratio is required.

A first bearing 48 A, a second bearing 48B, a third bearing
48C, a fourth bearing 48D, a fifth bearing 48E, and a sixth
bearing 48F are disposed in the housing 50. The first and
second bearings 48A and 48B rotatably support the input
shaft 42. The third and fourth bearings 48C and 48D rotatably
support the intermediate shaft 44. The fifth and sixth bearings
48E and 48F rotatably support the output shaft 46. In the
present preferred embodiment, the first and second bearings
48A and 48B are preferably tapered roller bearings, for
example. The third, fourth, fifth and sixth bearings 48C, 48D,
48E and 48F are preferably ball bearings, for example. Note
that the types of the first to sixth bearings 48 A to 48F are not
limited to the types mentioned above. The second bearing
48B is disposed behind the first bearing 48A. The first and
second bearings 48 A and 48B are fixed to a cam member 66
which will be described below. The third and fourth bearings
48C and 48D are disposed rearward relative to the second
bearing 48B. The third bearing 48C is fixed to the housing
main body 52. The fourth bearing 48D is fixed to the second
housing cover 56. The fifth and sixth bearings 48E and 48F
are disposed rearward relative to the third and fourth bearings
48C and 48D. The fitth bearing 48E is fixed to the housing
main body 52. The sixth bearing 48F is fixed to the second
housing cover 56.

The straddle-type vehicle 1 preferably includes a brake
mechanism 60 that brakes rotation of the input shaft 42. A
portion of the brake mechanism 60 is disposed inside the axle
driving apparatus 40. The brake mechanism 60 preferably
includes a brake operator 62 (see FIG. 1), the cam member 66,
a plate group 70, a cam plate 78, cam balls 86, the operation
shaft 90, a lever 96, and operation cables 98A and 98B (see
FIG. 1).

As illustrated in FIG. 1, the brake operator 62 preferably
includes a brake lever 62A provided at the handlebar 7, and a
brake pedal 62B provided at a footrest (not illustrated) of the
straddle-type vehicle 1. The rider operates the brake operator
62, thus braking rotation of the input shaft 42. The brake lever
62A and the lever 96 are connected to each other through the
operation cable 98A. The brake pedal 62B and the lever 96 are
connected to each other through the operation cable 98B. The
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brake lever 62A is disposed frontward relative to the housing
50. The brake pedal 62B is disposed frontward relative to the
housing 50. The brake operator 62 may include either the
brake lever 62A or the brake pedal 62B.

As illustrated in FIG. 4, the plate group 70 is housed inside
the housing 50. The plate group 70 is disposed between the
wall portion 54A of the first housing cover 54 and the cam
member 66. The plate group 70 preferably includes a plurality
of annular rotation plates 72 and a plurality of annular fixed
plates 74. The rotation plates 72 and the fixed plates 74 are
preferably arranged in the vehicle front-rear direction. The
rotation plates 72 and the fixed plates 74 are brake plates.

The input shaft 42 is disposed radially inward of the rota-
tion plates 72. The rotation plates 72 are attached to the input
shaft 42. The rotation plates 72 rotate together with the input
shaft 42. The rotation plates 72 are disposed between the wall
portion 54 A ofthe first housing cover 54 and the cam member
66.

The input shaft 42 is disposed radially inward of the fixed
plates 74. The fixed plates 74 are fixed to the housing 50. The
fixed plates 74 do not rotate together with the input shaft 42.
Each fixed plate 74 is disposed between an adjacent one of the
rotation plates 72 and the cam member 66, and/or between an
adjacent one of the rotation plates 72 and the wall portion 54A
of the first housing cover 54. The fixed plates 74 and the
rotation plates 72 are disposed in an alternating manner. One
of the plurality of fixed plates 74, i.e., a fixed plate 74 A, is in
contact with the wall portion 54 A of the first housing cover
54. Another one of the plurality of fixed plates 74, i.e., a fixed
plate 74B, is in contact with the cam plate 78.

The cam member 66 is disposed inside the housing 50. The
cam member 66 is disposed at a position located rearwardly
away from the wall portion 54 A of the first housing cover 54.
The cam member 66 is disposed rearward relative to the plate
group 70. The cam member 66 is disposed behind the cam
plate 78. The cam member 66 preferably has an annular
shape. The input shaft 42 is disposed radially inward of the
cam member 66. The first and second bearings 48A and 48B,
which rotatably support the input shaft 42, are disposed radi-
ally inward of the cam member 66. As illustrated in FIG. 5, a
surface 66A of the cam member 66 which faces the cam plate
78 is provided with a plurality of cam grooves 67. The cam
grooves 67 are preferably provided at regular intervals along
a circumferential direction of the cam member 66. A portion
of each cam ball 86 is disposed inside the associated cam
groove 67.

As illustrated in FIG. 4, the cam plate 78 is housed inside
the housing 50. The cam plate 78 is disposed rearward relative
to the plate group 70. The cam plate 78 is disposed frontward
relative to the cam member 66. The cam plate 78 preferably
has an annular shape. As illustrated in FIG. 5, a surface 78A
of the cam plate 78 which faces the cam member 66 is pro-
vided with a plurality of cam grooves 79. As illustrated in
FIG. 6, the cam grooves 79 are provided at regular intervals
along a circumferential direction of the cam plate 78. Each
cam groove 79 faces the associated cam groove 67 of the cam
member 66. As illustrated in FIG. 7, each cam groove 79
preferably includes an inclined surface 79A and a recessed
portion 79B. A portion of each cam ball 86 is disposed inside
the associated cam groove 79. As illustrated in FIG. 5, each
cam ball 86 is located between the cam member 66 and the
cam plate 78 and disposed inside the associated cam grooves
67 and 79. When the brake operator 62 (see FIG. 1) is not
operated by the rider, each cam ball 86 fits into the recessed
portion 79B (see FIG. 7) of the associated cam groove 79. In
this case, a distance between the cam plate 78 and the cam
member 66 is significantly reduced or minimized. The rota-
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tion plates 72 and the fixed plates 74 are spaced away from
each other, and therefore, the input shaft 42 is rotatable. When
the brake operator 62 is operated by the rider, each cam ball 86
is located on the inclined surface 79A (see FIG. 7) of the
associated cam groove 79. As indicated by an arrow P1 in
FIG. 5, the cam plate 78 is pushed by the cam balls 86 and
moved in a direction away from the cam member 66. As a
result, the rotation plates 72 and the fixed plates 74 are
brought into contact with each other, thus braking the input
shaft 42. In the present preferred embodiment, each cam
groove 79 is provided with the inclined surface 79A while
each cam groove 67 is provided with no inclined surface, but
the present invention is not limited to such a structure. Alter-
natively, the cam grooves 67 may be provided with inclined
surfaces, and the cam grooves 79 may be provided with no
inclined surfaces. In another alternative, both of the cam
grooves 67 and the cam grooves 79 may be provided with
inclined surfaces. As illustrated in FIG. 6, the cam plate 78 is
provided with an arm portion 78R that protrudes outward
from the cam plate 78 in a radial direction of the cam plate 78.
The arm portion 78R is provided with a coil spring (not
illustrated) that urges the cam plate 78 in a direction away
from the plate group 70.

As illustrated in FIG. 4, the operation shaft 90 passes
through the housing 50. The operation shaft 90 extends in a
direction perpendicular or substantially perpendicular to an
axial direction of the input shaft 42. In other words, the
operation shaft 90 extends in the vehicle right-left direction
perpendicular or substantially perpendicular to the axial
direction of the input shaft 42. The operation shaft 90 may
extend in a vehicle vertical direction perpendicular or sub-
stantially perpendicular to the axial direction of the input
shaft 42. The operation shaft 90 is rotatable. The operation
shaft 90 extends in a direction parallel or substantially parallel
to an axial direction of the intermediate shaft 44. The opera-
tion shaft 90 extends in a direction parallel or substantially
parallel to an axial direction of the output shaft 46. The
operation shaft 90 preferably includes an inner portion 91A
located inside the housing 50, and an outer portion 91B
located outside the housing 50. A left end portion of the
operation shaft 90 is rotatably supported by the second hous-
ing cover 56. A right end portion of the operation shaft 90 is
rotatably supported by the housing main body 52. The opera-
tion shaft 90 is located leftward relative to the shaft center H1
of'the input shaft 42. The left end 90L. of the operation shaft 90
is located leftward relative to the right end 44R of the inter-
mediate shaft 44. The left end 90L of the operation shaft 90 is
located leftward relative to the right end 46R of the output
shaft 46. A right end 90R of the operation shaft 90 is located
rightward relative to the left end 44L. of the intermediate shaft
44. The right end 90R of the operation shaft 90 is located
rightward relative to the left end 461 of the output shaft46. As
illustrated in FIG. 5, a rear end 90T of the operation shaft 90
is located rearward relative to a front end 48BF of the second
bearing 48B.

The brake mechanism 60 preferably includes a first
engagement protrusion 80. The first engagement protrusion
80 is disposed inside the housing 50. As illustrated in FIG. 6,
the first engagement protrusion 80 protrudes outward from
the cam plate 78 in a radial direction of the cam plate 78. The
first engagement protrusion 80 protrudes leftward from the
cam plate 78. The first engagement protrusion 80 and the cam
plate 78 are preferably molded in one piece so as to define a
single unitary member. Alternatively, the first engagement
protrusion 80 and the cam plate 78 may be separate compo-
nents.
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The first engagement protrusion 80 preferably includes a
first contact portion 84 that comes into contact with a second
engagement protrusion 92. The first contact portion 84 comes
into contact with a second contact portion 94 of the second
engagement protrusion 92 which will be described below. As
illustrated in FIG. 8 A, an outline of a cross-section of the first
contact portion 84 which is parallel or substantially parallel to
an axial direction of the operation shaft 90 (see FIG. 5)
preferably has a linear shape. As illustrated in FIG. 8B, an
outline of a cross-section of the first contact portion 84 which
is perpendicular or substantially perpendicular to the axial
direction of the operation shaft 90 preferably has a linear
shape. Alternatively, the first contact portion 84 may have a
semi-spherical shape, for example.

Although the outline of the cross-section of the first contact
portion 84 which is parallel or substantially parallel to the
axial direction of the operation shaft 90 preferably has a linear
shape and the outline of the cross-section of the first contact
portion 84 which is perpendicular or substantially perpen-
dicular to the axial direction of the operation shaft 90 prefer-
ably has a linear shape in the present preferred embodiment,
the outlines of the cross-sections of the first contact portion 84
are not limited to such shapes. For example, as illustrated in
FIG. 9A, the outline of the cross-section of the first contact
portion 84 which is parallel or substantially parallel to the
axial direction of the operation shaft 90 (see FIG. 5) may be in
the shape of a segment of a circle. As illustrated in FIG. 9B,
the outline of the cross-section of the first contact portion 84
which is perpendicular or substantially perpendicular to the
axial direction of the operation shaft 90 may be in the shape of
a segment of a circle. In another alternative, the outline of the
cross-section of the first contact portion 84 which is parallel
or substantially parallel to the axial direction of the operation
shaft 90 may have a linear shape, and the outline of the
cross-section of the first contact portion 84 which is perpen-
dicular or substantially perpendicular to the axial direction of
the operation shaft 90 may be in the shape of a segment of a
circle. In still another alternative, the outline of the cross-
section of the first contact portion 84 which is parallel or
substantially parallel to the axial direction of the operation
shaft 90 may be in the shape of a segment of a circle, for
example, and the outline of the cross-section of the first con-
tact portion 84 which is perpendicular or substantially per-
pendicular to the axial direction of the operation shaft 90 may
have a linear shape, for example.

Asillustrated in FIG. 5, the brake mechanism 60 preferably
further includes the second engagement protrusion 92. The
second engagement protrusion 92 engages with the first
engagement protrusion 80. The second engagement protru-
sion 92 is disposed inside the housing 50. A front end 92F of
the second engagement protrusion 92 is located frontward
relative to a rear end 48AR of the first bearing 48A. As
illustrated in FIG. 10, the second engagement protrusion 92
protrudes outward from the inner portion 91A (see FIG. 5) of
the operation shaft 90 in a radial direction of the operation
shaft 90. The second engagement protrusion 92 protrudes
frontward from the operation shaft 90. As illustrated in FIG.
5, the second engagement protrusion 92 extends in a direction
parallel or substantially parallel to the input shaft 42. As
illustrated in FIG. 11, the second engagement protrusion 92
and the operation shaft 90 are preferably molded in one piece
so as to define a single unitary member. Alternatively, the
second engagement protrusion 92 and the operation shaft 90
may be separate components.

As illustrated in FIG. 10, the second engagement protru-
sion 92 preferably includes the second contact portion 94 that
comes into contact with the first engagement protrusion 80.
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The second contact portion 94 comes into contact with the
first contact portion 84 of the first engagement protrusion 80.
Asillustrated in FIG. 12A, an outline of a cross-section of the
second contact portion 94 which is parallel or substantially
parallel to the axial direction of the operation shaft 90 (see
FIG. 5) is preferably in the shape of a segment of a circle. As
illustrated in FIG. 12B, an outline of a cross-section of the
second contact portion 94 which is perpendicular or substan-
tially perpendicular to the axial direction of the operation
shaft 90 (see FI1G. 5) is preferably in the shape of a segment of
acircle. Alternatively, the second contact portion 94 may have
a semi-spherical shape, for example.

Although the outline of the cross-section of the second
contact portion 94 which is parallel or substantially parallel to
the axial direction of the operation shaft 90 is preferably in the
shape of a segment of a circle and the outline of the cross-
section of the second contact portion 94 which is perpendicu-
lar or substantially perpendicular to the axial direction of the
operation shaft 90 is preferably in the shape of a segment of a
circle in the present preferred embodiment, the outlines of the
cross-sections of the second contact portion 94 are not limited
to such shapes. For example, as illustrated in FIG. 13A, the
outline of the cross-section of the second contact portion 94
which is parallel or substantially parallel to the axial direction
of'the operation shaft 90 (see FIG. 5) may have a linear shape.
As illustrated in FIG. 13B, the outline of the cross-section of
the second contact portion 94 which is perpendicular or sub-
stantially perpendicular to the axial direction of the operation
shaft 90 (see FIG. 5) may have a linear shape, for example. In
another alternative, the outline of the cross-section of the
second contact portion 94 which is parallel or substantially
parallel to the axial direction of the operation shaft 90 may
have a linear shape, for example, and the outline of the cross-
section of the second contact portion 94 which is perpendicu-
lar or substantially perpendicular to the axial direction of the
operation shaft 90 may be in the shape of a segment ofa circle,
for example. In still another alternative, the outline of the
cross-section of the second contact portion 94 which is par-
allel or substantially parallel to the axial direction of the
operation shaft 90 may be in the shape of a segment ofa circle,
for example, and the outline of the cross-section of the second
contact portion 94 which is perpendicular or substantially
perpendicular to the axial direction of the operation shaft 90
may have a linear shape, for example. The outline of the
cross-section of at least either the first contact portion 84 or
the second contact portion 94 which is parallel or substan-
tially parallel to the axial direction of the operation shaft 90
may be in the shape of a segment of a circle, for example, and
the outline of the cross-section of at least either the first
contact portion 84 or the second contact portion 94 which is
perpendicular or substantially perpendicular to the axial
direction of the operation shaft 90 may be in the shape of a
segment of a circle, for example.

As illustrated in FIG. 5, the lever 96 is attached to the outer
portion 91B of the operation shaft 90. The lever 96 is rotatable
together with the operation shaft 90. The lever 96 is provided
with an insertion hole 96H through which the outer portion
91B of the operation shaft 90 is inserted. The lever 96 is fixed
to the operation shaft 90 with a bolt 26, for example. The
structure configured to attach the lever 96 to the operation
shaft 90 is not limited to any particular structure. As illus-
trated in FIG. 4, the lever 96 is disposed rightward relative to
aleft end 561 of the second housing cover 56. The lever 96 is
disposed leftward relative to a right end 52R of the housing
main body 52. The lever 96 is disposed leftward relative to a
left end 54L of the first housing cover 54. The lever 96 is
disposed leftward relative to the input shaft 42. The lever 96
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is disposed frontward relative to the intermediate shaft 44. As
illustrated in FIG. 14, the lever 96 preferably includes a first
arm 97A and a second arm 97B which extend in two different
directions at given angles with respect to a center 96C of the
insertion hole 96H. The first arm 97A extends obliquely
downward and frontward with respect to the center 96C of the
insertion hole 96H. The second arm 97B extends obliquely
upward and frontward with respect to the center 96C of the
insertion hole 96H. The first arm 97A is provided with a first
cable holder 95 A to which the operation cable 98 A connected
to the brake lever 62A (see FIG. 1) is to be attached, and a
second cable holder 95B to which the operation cable 98B
connected to the brake pedal 62B (see FIG. 1) is to be
attached. The second arm 97B is provided with a third cable
holder 95C to which a control cable 98C is to be attached.
Since the straddle-type vehicle 1 includes the control cable
98C, a gear shift from forward to reverse or a gear shift from
reverse to forward is enabled only when rotation of the input
shaft 42 (see FIG. 4) is braked by the brake mechanism 60
(see FIG. 4).

As illustrated in FIG. 2, the operation cables 98 A and 98B
each extend frontward from the lever 96. As illustrated in FIG.
1, the operation cables 98A and 98B each extend obliquely
upward and frontward from the lever 96. At least a portion of
the operation cable 98A is disposed downward relative to the
operation cable 98B.

Next, how the brake mechanism 60 operates will be
described. When the brake lever 62A or the brake pedal 62B
is operated by the rider, the operation cable 98 A or the opera-
tion cable 98B is pulled toward the front of the vehicle. Thus,
the lever 96 connected to the operation cables 98A and 98B
moves in a direction indicated by an arrow X1 in FIG. 14. The
operation shaft 90 rotates together with the lever 96. There-
fore, with the movement of the lever 96, the second engage-
ment protrusion 92 that protrudes frontward from the opera-
tion shaft 90 moves in a direction indicated by an arrow Y1 in
FIG. 10. The second contact portion 94 of the second engage-
ment protrusion 92 and the first contact portion 84 of the first
engagement protrusion 80 are in contact with each other.
Therefore, with the movement of the second engagement
protrusion 92, the first engagement protrusion 80 and the cam
plate 78 move in a direction indicated by an arrow 71 in FIG.
10. With the movement of the cam plate 78, each cam ball 86
comes into contact with the inclined surface 79A (see FIG. 7)
of'the associated cam groove 79. Hence, a force is applied to
the cam plate 78 from each cam ball 86 in a direction indi-
cated by an arrow P1 in FIG. 10. The cam plate 78 moves in
the direction indicated by the arrow P1 in FIGS. 5 and 10.
Upon movement of the cam plate 78 in the direction indicated
by the arrow P1 in FIG. 5, the fixed plates 74 and the rotation
plates 72 come into contact with each other, thus braking
rotation of the rotation plates 72 and rotation of the input shaft
42 that rotates together with the rotation plates 72. As a result,
rotation of the axle 22 is braked.

When the operation performed on the brake lever 62A or
the brake pedal 62B is stopped by the rider, the lever 96 moves
in a direction indicated by an arrow X2 in FIG. 14. With this
movement of the lever 96, the second engagement protrusion
92 moves in a direction indicated by an arrow Y2 in FIG. 10.
With this movement ofthe second engagement protrusion 92,
the first engagement protrusion 80 and the cam plate 78 move
in a direction indicated by an arrow Z2 in FIG. 10. With this
movement of the cam plate 78, each cam ball 86 fits into the
recessed portion 79B (see FIG. 7) of the associated cam
groove 79. Thus, the force applied to the cam plate 78 from
each cam ball 86 is lost. In this case, the coil spring provided
at the cam plate 78 urges the cam plate 78 to move in a
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direction indicated by an arrow P2 in FI1G. 10. Thus, the fixed
plate 74B and the rotation plate 72 adjacent thereto are
brought out of contact with each other, so that the input shaft
42 starts to rotate. As a result, the axle 22 starts to rotate.

As illustrated in FIG. 4, in the straddle-type vehicle 1, the
operation shaft 90 extends in the direction perpendicular or
substantially perpendicular to the axial direction of the input
shaft 42 which extends in the vehicle front-rear direction as
described above. Therefore, the lever 96 attached to the outer
portion 91B of the operation shaft 90 rotates around an axis
perpendicular or substantially perpendicular to the axial
direction of the input shaft 42. Thus, the operation cable 98A
connected to the brake lever 62A and the lever 96, and the
operation cable 98B connected to the brake pedal 62B and the
lever 96 are each extended in a direction parallel or substan-
tially parallel to the axial direction of the input shaft 42. In
other words, the operation cables 98A and 98B are extended
from the lever 96 in the vehicle front-rear direction. Hence,
the operation cables 98 A and 98B do not have to be bent by 90
degrees when the brake lever 62A and the lever 96 are con-
nected to each other through the operation cable 98A and the
brake pedal 62B and the lever 96 are connected to each other
through the operation cable 98B. As a result, power transmis-
sion losses in the operation cables 98A and 98B are signifi-
cantly reduced or prevented, thus efficiently transmitting
operations performed on the brake lever 62A and the brake
pedal 62B.

In the straddle-type vehicle 1 according to the present
preferred embodiment, the brake lever 62A and the brake
pedal 62B are disposed frontward relative to the housing 50.
The operation cables 98A and 98B extend frontward from the
lever 96. Therefore, the operation cables 98A and 98B do not
have to be bent by 90 degrees when the brake lever 62A and
the operation cable 98A are connected to each other and the
brake pedal 62B and the operation cable 98B are connected to
each other. As a result, power transmission losses in the
operation cables 98A and 98B are significantly reduced or
prevented, thus efficiently transmitting operations performed
on the brake lever 62A and the brake pedal 62B.

As illustrated in FIGS. 8A and 8B, in the straddle-type
vehicle 1 according to the present preferred embodiment, the
outline of the cross-section of the first contact portion 84
which is parallel or substantially parallel to the axial direction
of'the operation shaft 90 has a linear shape, and the outline of
the cross-section of the first contact portion 84 which is per-
pendicular or substantially perpendicular to the axial direc-
tion of the operation shaft 90 has a linear shape. As illustrated
in FIGS. 12A and 12B, the outline of the cross-section of the
second contact portion 94 which is parallel or substantially
parallel to the axial direction of the operation shaft 90 is in the
shape of a segment of a circle, and the outline of the cross-
section of the second contact portion 94 which is perpendicu-
lar or substantially perpendicular to the axial direction of the
operation shaft 90 is in the shape of a segment of a circle.
Thus, when the operation shaft 90 is rotated by operating the
brake lever 62 A and the brake pedal 62B, the first and second
engagement protrusions 80 and 92 are brought into contact
with each other more reliably. As a result, operations per-
formed on the brake lever 62A and the brake pedal 62B are
reliably transmitted to the plate group 70. Furthermore, wear-
ing away of the first and second engagement protrusions 80
and 92 which is caused by contact therebetween is signifi-
cantly reduced or prevented.

Assume that the outline of the 